INTRODUCTION
============

Endosonography (EUS) enables the acquisition of clear images of the gastrointestinal tract wall and the surrounding structures. Because EUS shows in detail the origin and invasion level of tumors that grow in the intestinal wall, it enables much greater accuracy for staging decisions than computed tomography (CT).

The prognosis of esophageal cancer is poor because these tumors are usually detected in the advanced stage. Therefore, surgery is impossible in most cases, and those patients who do undergo surgery have a low chance of survival. Surgery for esophageal cancer has a high rate of morbidity and mortality, and it is important to decide on an appropriate treatment method through pre-surgical evaluation. Several diagnostic methods are available for pre-surgical evaluation of esophageal cancer, but EUS remains the most valuable tool.

Minimally invasive surgery is widely used for the treatment of gastrointestinal cancer, and endoscopic submucosal dissection (ESD) is a safe treatment method for early cancer of the gastrointestinal tract without lymph node metastasis. EUS is very useful for identifying patients with stomach cancer and esophageal cancer who will benefit from endoscopic treatment.

ESOPHAGEAL CANCER
=================

Characteristics of esophageal cancer and therapeutic approaches
---------------------------------------------------------------

The prognosis of esophageal cancer is determined by the level of tumor invasion and lymph node metastasis. The 7th edition of the American Joint Committee on Cancer (AJCC) tumor node metastasis (TNM) cancer staging manual classifies esophageal squamous cell carcinoma and esophageal adenocarcinoma as differentiated and uses the number of metastasized lymph nodes rather than the location of the lymph nodes to determine the lymph node N stage.[@B1]

In superficial esophageal cancer, invasion of the lymph nodes surrounding the cervical area and the celiac trunk is possible without invasion of the lymph nodes around the lesion itself. This significant characteristic of esophageal cancer makes it difficult to stage the tumors before surgery. Other challenges in treating esophageal cancer include a wide surgical area and high prevalence of disease and mortality due to surgery.

Lesions limited to the submucosa and muscularis propria can be resected with primary surgical excision. EUS is the most valuable and accurate examination for determining depth of invasion and lymph node metastasis in pre-surgical evaluation. It is used to ascertain those lesions that can be treated with endoscopy, and allows one to decide on a treatment by differentiating between patients who need surgical excision and those who need preoperative chemoradiation treatment. EUS-guided fine needle aspiration (EUS-FNA) is performed with excellent accuracy when lymph node metastases are suspected.[@B2]

EUS imaging and clinical significance for evaluation of invasion depth
----------------------------------------------------------------------

The esophagus generally appears as five to seven layers on an EUS examination. Using a high ultrasound frequency of more than 20 MHz, EUS imaging of an esophagus can show nine layers. The prognosis of esophageal cancer without lymph node metastasis is based on the tumor size T stage, histologic findings, cell differentiation, and tumor location.

Irrespective of the presence of lymph node metastasis, cancer limited to the mucosa and submucosa is defined as superficial esophageal cancer. According to the TNM classification, superficial esophageal cancer is classified as T1s, T1a, or T1b. The mucosa is subdivided into M1, M2, and M3.[@B3][@B4] Most M1 and M2 lesions do not have lymph node metastasis, and full recovery is possible through localized excision.

Most patients diagnosed with T2-T3 tumors on pre-surgical examination have lymph node metastasis in the surgical tissue.[@B5] The prognosis of patients with T3 tumors is poor, and the rate of full recovery is less than 15%.[@B6]

The role of EUS in T staging
----------------------------

Esophageal cancer is evaluated preoperatively using positron emission tomography (PET) and CT, which have a very low accuracy for evaluating the depth of tumor invasion. With EUS, it is possible to locate lesions and accurately determine the T stage. According to a report by Puli et al.,[@B7] the sensitivity and specificity of EUS examination for esophageal cancer was 81.6% and 99.4% for T1, 81.4% and 96.3% for T2, 91.4% and 94.4% for T3, and 92.4% and 97.4% for T4 staging, respectively, and was more accurate for advanced cancer than for early cancer.

EUS is very effective at differentiating T1 and T2 from T3 and T4 lesions and is an essential examination for planning surgical treatment. In 44% of cases, a change in treatment method was reported when using EUS examination rather than only using other examinations such as CT.[@B8] According to the 7th AJCC TNM staging, T4 lesions are divided into T4a (resectable) and T4b (unresectable). Patients with T4 lesions diagnosed using EUS generally had a very short survival period of less than 1 year irrespective of surgery.[@B9]

Thosani et al.[@B10] published the results of a meta-analysis on the use of EUS in staging early esophageal cancer, and reported the sensitivity and specificity as 85% and 87%, respectively, for T1a and 86% for both sensitivity and specificity for T1b staging. A report on the analysis of early esophageal cancer surgery found that there was no lymph node metastasis in esophageal cancer lesions less than 3 cm in size confined to the lamina propria.[@B11] To evaluate the mucosal subdivisions on EUS, a high ultrasound frequency of more than 20 MHz has been used, but with considerably different results between observers.

The importance of EUS in N staging
----------------------------------

In esophageal cancer, there is high rate of lymph node metastasis at an early stage, and the number of lymph node metastases influences prognosis. In upper esophageal cancer with lymph node metastasis, pre-surgical chemoradiotherapy is the standard treatment. Moreover, identification of the N stage is more accurate with EUS than with CT, particularly with the introduction of EUS-FNA.[@B12]

Lymph nodes that are more than 10 mm in diameter, have a clear border separating them from the surrounding tissue, are circular in form, and are homogeneously hypoechoic with an 85% chance of malignancy. However, because only 25% of malignant lymph nodes have all four of these characteristics, detection of diseased nodes is often difficult. Vazquez-Sequeiros et al.[@B13] added three characteristics-celiac axis lymph nodes, five or more lymph nodes found on EUS, and T3 or T4 tumors-to the previous four standards and diagnosed lymph node metastasis if three of the conditions were met, achieving 86% accuracy.

The AJCC classifies the N stage as N1 (1 to 2), N2 (3 to 6), and N3 (≥7) according to the number of metastasized lymph nodes. On pre-surgical EUS, the sensitivity and specificity for N staging was 60% to 97% and 40% to 100%, respectively.[@B14] Generally, the possibility of malignant lymph nodes increases concurrently with higher T stage, and lymph nodes closer to the tumor have a greater possibility of being malignant. On evaluation of the N stage in pre-surgical esophageal cancer, the accuracy of CT and EUS on average was 51% and 74%, respectively, making EUS significantly more accurate.[@B12] The N staging accuracy increases when EUS-FNA is used, and in one report, the accuracy was 99.4%.[@B15] In a study by Chen and Eloubeidi[@B16] there was a higher survival rate corresponding to fewer malignant lymph nodes discovered on EUS. When the number of malignant lymph nodes was divided into 0, 1 to 2, and more than 2, the survival time was, respectively, 66, 14.5, and 6.5 months.[@B16]

Celiac lymph node metastasis is linked to poor prognosis. Most celiac lymph nodes found on EUS are metastasized nodules. Those patients with celiac lymph nodes less than 2 cm in size have a better prognosis than those with lymph nodes larger than 2 cm. The sensitivity of EUS-FNA for celiac lymph node diagnosis was 72% to 83%, the specificity was 85% to 98%, and the diagnostic accuracy was 94%.[@B17][@B18][@B19][@B20]

The limitations of EUS in esophageal cancer
-------------------------------------------

The use of EUS ensures a decrease in unnecessary surgeries and allows for the appropriate treatment for patients. However, despite these encouraging research results, there are a few limitations.

In esophageal cancer, the peripheral margin of the lesion is difficult to evaluate through diagnostic endoscopy alone, and the range of lesions observed on chromoendoscopy is generally wider than the area observed without Lugol solution staining. Evaluating the depth of invasion with EUS is performed by directly approaching the lesion observed on the endoscopy image with the ultrasound probe, and it is therefore difficult to accurately evaluate all areas of the lesion in wide lesions.

The EUS examination is limited in large lesions where the esophagus is obstructed due to a mass, and patients who undergo procedures to dilate the narrowed segment are likely to experience perforation. Owing to the risk of aspiration pneumonia in the cervical esophagus, EUS is limited to using water or jelly.

GASTRIC CANCER
==============

Use of EUS in the treatment of gastric cancer
---------------------------------------------

In the treatment of early gastric cancer, ESD is the safest and most effective treatment. As experience in ESD increases and various accessories develop, it is increasingly possible to remove lesions irrespective of the area and size. Lesions that can be removed remove via ESD are those that have not deeply invaded the submucosa and do not have lymph node metastasis. Many imaging methods have been used, but there are no diagnostic methods for predicting lymph node metastasis accurately in stomach cancer.

EUS is useful in choosing a treatment approach for lesions in which invasion to the submucosa is suspected upon examination of the gross endoscopic appearance or for gastric adenomas or mucosal cancers detected by pathologic examination. Moreover, in cancers of a size where ESD is likely to be an extensive process, EUS may be used before ESD. In the case of large lesions, EUS may find sites of blood vessels within a tumor before ESD, preventing excessive blood loss. However, when ulcers or fibrotic lesions are present, the depth of invasion is most likely exaggerated and some patients who might otherwise receive endoscopic resection (ER) may be treated by unnecessary surgery. The pattern analysis by Kida is useful for such patients.

The role of EUS in T staging
----------------------------

Classifying lesions with submucosal invasion before surgery ensures an accurate prognosis and is necessary for surgical planning. When restricted to the results of the endoscopy examination alone, the evaluation of invasion depth has many limitations. Puli et al.[@B21] published the results of a meta-analysis including 22 studies to evaluate the usefulness of EUS in stomach cancer, and the sensitivity and specificity by stage were, respectively, 88.1% and 100% for T1, 82.3% and 95.6% for T2, 89.7% and 94.7% for T3, and 99.2% and 96.7% for T4 staging. Incidentally, EUS for T stage detection was more accurate in advanced cancer than in early cancer.[@B21] Mocellin et al.[@B22] analyzed the distinction between T3-4 and T1-2 lesions, and EUS showed 86% sensitivity and 91% specificity.

To determine suitable patients for ER using EUS, it is necessary to accurately interpret EUS images. Mouri et al.[@B23] evaluated the usefulness of EUS for determining the applicability of ESD and visualizing invasion depth in early gastric cancer. The EUS-mucosa (M) and EUS-M/submucosa (SM) borders had no tumor cells in the vertical margins in all patients who underwent ESD, and were good indicators for ER.[@B23]

The diagnostic value of EUS in N stage
--------------------------------------

The AJCC 7th edition TNM classification of gastric cancer made an important change to the classification of lymph node metastasis lesions. The previous edition classified 1 to 6 lymph node lesions as N1, whereas the present edition defines N1 as having 1 to 2 lymph node lesions and N2 as 3 to 6 metastasized lymph nodes. The accuracy of EUS pre-surgical N stage evaluation is approximately 65% to 95%.[@B24] Cardoso et al.[@B25] conducted a meta-analysis regarding pre-surgical N stage evaluation (N0 vs. N+), and they reported an accuracy of 64%, sensitivity of 74%, and specificity of 80%. The accuracy was unsatisfactory because of the difficulty in identifying changes in the lymph nodes due to inflammation and metastasized lymph nodes, and because there is a low possibility of detecting metastasized lymph nodes that are distant from the lesion.

EUS vs. CT in preoperative evaluation
-------------------------------------

The mainstay examination before gastric cancer surgery is CT. Studies regarding early cancer for penetration depth using CT have reported unsatisfactory results, but the development of multidetector computed tomography (MDCT) has increased the accuracy of T stage evaluation. EUS is the preferred modality for determining invasion depth, but is limited in evaluating distant metastasis. The accuracy of T stage determination with EUS and CT was 65% to 92% and 77.1% to 88.8%, respectively.[@B26] For N stage evaluation, the sensitivity and specificity were, respectively, 71% and 49% for EUS, and 80% and 78% for MDCT.[@B27]

Peritoneal invasion must be detected on pre-surgical examination to avoid unnecessary surgery. In diagnosing T4 tumors (serosa), the sensitivity and specificity of EUS were 77.8% to 100% and 67.9% to 100%, respectively, and that of CT was 82.8% to 100% and 80% to 96.8%, respectively.[@B26] For detecting peritoneal metastases, the sensitivity and specificity were, respectively, 34% and 96% for EUS, 33% and 99% for CT, and 28% and 97% for PET.[@B28]

RECTAL CANCER
=============

The accuracy of EUS for pre-surgical invasion depth evaluation was 80% to 95%. In identifying the T stage, the sensitivity was higher for advanced lesions than early cancer. An analysis of 42 studies revealed that the sensitivity and specificity were, respectively, 87.8% and 98.3% for T1, 80.5% and 95.6% for T2, 96.4% and 90.6% for T3, and 95.4% and 98.3% for T4.[@B29]

In the treatment of rectal cancer, the pre-surgical diagnosis must have a high accuracy rate for T3 and T4 tumors that need neoadjuvant chemoradiation treatment. EUS, CT, and magnetic resonance imaging (MRI) have long been the mainstay of diagnosis for this purpose. A recent meta-analysis including 90 studies on T1 and T2 lesions found that while EUS and MRI have similar sensitivity, the specificity of EUS was higher (86% vs. 69%). In T3 tumors, EUS sensitivity was significantly higher than that of MRI and CT.[@B30]

EUS cannot produce accurate results when there is a narrowing due to a mass or when the lesions are large and protruding. Furthermore, advancements in MRI technology have increased its accuracy for invasion depth evaluation compared with EUS, and so the role of EUS in rectal cancer evaluation has been decreasing. ER is an effective method for treating rectal tumors limited to the mucosa with a submucosal invasion depth of less than 1,000 µm. EUS can be used as a diagnostic method for lesions that are difficult to classify using other endoscopic modalities.

EUS accuracy is low for nodal staging, as with other non-esophageal cancers. Because it cannot detect benign lymph nodes around the rectum, lymph node visualization is suggestive of metastasis. Recent studies have found that the role of EUS in nodal staging decisions is limited.

CONCLUSIONS
===========

EUS is essential for pre-surgical evaluation for all esophageal cancers. The use of EUS reduces the number of unnecessary surgeries and allows for appropriate treatment. Different diagnostic modalities are available, but EUS is the mainstay for the pre-surgical evaluation of esophageal cancer.

The use of EUS as a tool for determining the need for ER in early stomach cancer treatment has increased. In rectal cancer cases, the role of EUS in identifying T3 or T4 lesions has reduced.
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